Introduction: The fractures around the supramalleolar region are difficult to manage and deformities may occur following insufficient or inadequate treatment attempts. The treatment of those deformities is even more challenging. The available options for surgical fixation have inherent problems considering the soft tissue problems, infection and compliance of the patients. In this study, we report the preliminary outcome of new IMN system in use of supramalleolar deformities. Patients and Methods: Three patients with supramalleolar deformities were recruited for this study. Two patients had periarticular distal tibia malunions and one patient had nonunion in same region. All patients were operated with using newly designed intramedullary nail system with a unique distal interlocking bolt screw. The outcome for each patient was followed-up and evaluated with using AOFAS score. Results: The patients were followed up for 3 years, 3 months, and 6 months, respectively. The AOFAS scores were 36, 33, and 21 preoperatively; and 75, 68, and 75 postoperatively in Patients 1, 2 and 3, respectively. Conclusion: In our patient series, adequate fixation following correction of the deformity was seen. Although the number of the cases are limited this study provides encouraging results regarding the outcome of new IMN system in use of supramalleolar deformities.
Introduction
Treatment of posttraumatic supramalleolar fractures may create deformities which are challenging to treat. Plate and Ilizarov are generally the fixation methods of choice for the management of distal tibia (supramalleolar) deformities, 1e6 while intramedullary nail (IMN) is not the primary choice of implant. Complications related to fixation of distal tibial osteotomy with IMN include malalignment, hardware failure, and risk of propagation of the distal tip of the IMN into the joint; in addition, when used at the very distal part of the tibia after correction, IMNs have weak stability. It is well known that the stability of distal interlocking screws directly affects the stability of the whole IMN construct. 7e9 The new generation of distal interlocking screws has expanded the indications of use of IMNs in fixation of the distal tibia. 10, 11 We designed an IMN with a new type of distal interlocking screw. As confirmation of the aforementioned expansion in the indications of IMNs, we report excellent outcomes in the treatment of tibia fractures, even in the very distal part. 12 However, the use of this new IMN has not been reported for fixation of distal tibial nonunion or malunion corrected with osteotomy. We report 3 cases stabilized with our new IMN design.
In the present study, we present the results of the 3 cases in order to discuss the novel IMN system as an adequate fixation method following correction of periarticular distal tibia malunion and nonunion.
Materials and methods
The IMN set included both reamed and unreamed nails. The nails were available in diameters from 10 to 12 mm and in lengths from 280 to 400 mm. All distal supportive bolt-locking screws (DSBLS) in the set were 11 mm in diameter and ranged from 34 to 42 mm in length. The DSBLSs were cannulated in order to allow a set screw to enter and rigidly engage the IMN and DSBLS (Fig. 1aec) .
Oral third-generation cephalosporin was prescribed for the first postoperative month after external fixation retrieval. The following month no antibiotics were administered, and the wounds were inspected for any evidence of infection. If no infection was present, internal fixation was considered successful.
Instability was evaluated preoperatively with anterior drawer test, as well as inversion and eversion tests in order to detect any instability related to the anterior talofibular ligament or deltoid ligament complex which might have occurred during the initial trauma or developed as a result of the deformity.
A precise preoperative plan was devised for each case. The preoperative plan included:
1. Distance for insertion point of appropriate DSBLS, taking into consideration its diameter. 2. Length and diameter of the IMN. 3. Required amount of alignment correction with or without grafting.
Once the preoperative plan was completed, the DSBLS was inserted from the medial to lateral aspect in the distal tibia in a predrilled channel. This step was followed by inserting the selected unreamed nail from the standard point of insertion in the proximal tibia. Insertion of the nail through the medulla was advanced until the engagement of the nail with the DSBLS. Success of the engagement was confirmed with fluoroscopy. If the nail was successfully engaged, it was not possible to advance the wire more than 5 mm in the set screw hole. Proximal interlocking was performed with a proximal guide.
Patient 1
A 49-year-old man suffered a traffic accident. He had an AO type A2-3 fracture of the tibia with no additional injury. He had been operated in a different clinic with Kirschner wires. Three months after the first operation, revision was made with an Ilizarov external fixator and followed up for 7 months at the same clinic. The patient was admitted to our clinic with complaint of pain, inability to walk, and limited ankle movement. Anteroposterior (AP) and lateral ankle X-rays were obtained ( Fig. 2a and b ). Malunion and severe complex regional pain syndrome with deformity were diagnosed.
A varus producing close-up osteotomy was performed. A 40 Â 8-mm DSBLS was inserted parallel and 4 mm above the ankle joint. Two osteotomies were constructed to produce a 12 wedge, which was then removed. The distal osteotomy was 22 mm proximal to the ankle joint. There was nonunion of the fibula at the level of center of rotation of angulation, so that osteotomy was not required for the fibula. Following removal of the wedge, the cut surfaces were opposed, and a 360 Â 1-mm nail was inserted through the distal face and interlocked. After interlocking, alignment was reassessed by using the calcaneocrural angle under fluoroscopy. The correction was controlled with postoperative AP-lateral X-rays ( Fig. 2c and d) .
Patient 2
A 39-year-old female had an AO type A2-3 fracture of the tibia with no additional injury. She was treated with Ilizarov frame following distal tibial metaphysis fracture. The Ilizarov frame was removed 7 months postoperatively, and varus deformity was observed. The patient was admitted to our hospital with primary complaint of inability to walk due to the deformity. AP and lateral ankle X-rays were obtained ( Fig. 3a and b) .
A valgus producing open-up osteotomy was performed. One DSBLS was inserted parallel and 3 mm above the ankle joint. The fibula was osteotomized first at the level of the proximal margin of the tibiofibular syndesmosis. Multiple holes were drilled medially 30 mm proximal to the ankle joint; a thin osteotome was used to connect the holes, sparing the lateral cortex, and the medial surface was split by insertion of thin osteotomes into the gap. The appropriate size of the opening wedge was determined on the basis of the preoperative weight-bearing AP radiograph and confirmed using fluoroscopy. Our new IMN (320 Â 10 mm) was inserted proximally and improved through the distal fragment. After completing the distal interlocking, the correction was reassessed with the tibiocalcaneal angle under fluoroscopy in neutral position of the ankle. After completing and fixing the osteotomy, iliac graft was collected and packed into the osteotomy gap. The correction was controlled with postoperative AP-lateral X-rays ( Fig. 3c and d) .
Patient 3
A 57-year-old male patient had an AO type A2-3 fracture of the tibia with no additional injury. He was operated at another clinic using an Ilizarov frame. He was followed up for 11 months with the Ilizarov frame, but no union was detected. He was then referred to our clinic. The Ilizarov frame was removed, and there was no obvious pin track infection ( Fig. 4a and b) . The aforementioned protocol was observed to ensure the absence of infection, and the patient was operated using our new IMN system. The intramedullary Kirschner wire was removed, and the ununited segment at the fibula was removed. The ununited segment of tibia was opened medially, and fibrous tissue was removed using curettes. An autograft harvested from the healthy bony ends of the fibular nonunion site was used. A 42 Â 8 mm DSBLS was inserted 2 mm above the ankle joint. Our new IMN (360 Â 12 mm) was inserted proximally through the distal fragment. After completing interlocking, alignment and correction were reassessed using tibiocalcaneal angle under fluoroscopy. Correction was assessed with postoperative AP-lateral X-rays ( Fig. 4c and d) .
Standard AP and lateral views were obtained weekly for the first 6 weeks postoperatively, after which they were obtained monthly. Radiological callus formation was recorded for each view, and union was assumed if there was callus in both AP and lateral views, without pain on palpation or weight-bearing at the fracture site. Full weight-bearing and range of motion exercises were allowed postoperatively, as tolerated.
Results
The patients were followed up for 3 years ( Fig. 5a and b ), 3 months ( Fig. 6a and b) , and 6 months ( Fig. 7a and b (Fig. 8aed) . There was neither propagation of nails into the ankle joint nor implant failure. 
Discussion
Supramalleolar osteotomy has been used to restore a more normal joint geometry in cases of distal tibial malalignment, and this procedure has been reported to be effective for the treatment of traumatic moderate ankle arthritis. There is no consensus for the indication criteria of supramalleolar osteotomy in periarticular ankle deformities regarding the grade of osteoarthritis. 3, 13, 14 Fixation of very distal tibia osteotomy or fracture using IMN is not considered as the first choice in the literature, due to the difficulty of providing adequate stability by IMN systems, as the osteotomy or fracture line moves distally. However, IMNs which have a very distal interlocking option and the recently developed angular stability option of distal interlocking screws have extended the fracture spectrum eligible for intramedullary osteosynthesis. 10 To our knowledge, our new design IMN with DSBLS is the most distally located interlocking option among currently available IMNs. 12 The Ilizarov technique is a satisfactory form of external fixation, especially in deformity correction. However, this method of treatment is very uncomfortable for patients; additionally, it presents certain inherent complications associated with external fixation, including pin track infection; joint infection; refracture; higher rates of delayed union, nonunion, and malunion; pin breakage; tendon transfixation; and vascular and nerve injury. 15, 16 Another disadvantage of the Ilizarov technique is its long learning curve.
Plate fixation too has its own well known inherent disadvantages, such as extensive soft tissue stripping, disturbance of periosteal circulation, wound complication, infection, and postoperative ankle stiffness. The superiority of the closed application of interlocking nails is preservation of the soft tissue envelope and rigid fixation of the fracture. 17 Use of IMNs in this setting has the theoretical risk of nail failure or fracture propagation into the ankle joint. In one study, 18 because of the risk of propagation of the tip of the nail into the ankle, closed IMN was shortened by removal of the distal 0.8e1 cm to facilitate interlocking by 2 distal screws in a short metaphyseal fragment. However, in these circumstances, the manufacturer is no longer liable for the performance of the implant or any problems that might arise as a result of implant failure, which becomes the responsibility of the operating surgeon. Furthermore, in practice it is not possible to use this method routinely. Thus, redesign of tibial IMNs, which would help in the future to treat such distal fractures, is strongly recommended. The distal interlocking screw, the DSBLS, of our new design IMN is at the very tip of the distal end of the nail. We believe that our new design is not only successful in cases of distal tibial fractures 12 but also an alternative fixation method in distal tibial osteotomies. In previous studies, full weight-bearing is not permitted for the first postoperative 6e8 weeks, regardless of fixation method. In the present study, full weight-bearing was permitted immediately after surgery without any external support but a cane as needed, as our new angular stability IMN behaves like a reverse T-like single implant after interlocking and squeezing the set screw. Despite the lack of biomechanical testing with the same fracture model, we think that this feature provides three-dimensional rigid fixation. This is one of the very important advantages of our new design IMN. To be able to achieve this stability without any complication related to implant or bone brings many biological, psychological, and economical advantages.
The limitations of this study are the number of cases and the relatively short follow-up period of 2 cases. Moreover, the superiority of this system could be further supported by the results of a biomechanical study, but the study in question has yet to be published. While there are limitations to the present study, we think our results are worth reporting in order to present our new design IMN as an alternative fixation method in periarticular distal tibial malunion and nonunion.
In conclusion, although the results of this technique are still under evaluation and only results of 2 cases are reported here, we intended to publish these cases in order to discuss the new design IMN in the fixation of correction of posttraumatic periarticular ankle deformities. We believe that angular stable IMNs deserve more attention from orthopedic surgeons treating these deformities.
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